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SUMMARY
Tobacco plants grown for Iz h at z5 °C in light of Io8oo lux alternating with r2 h at 20 °C in darkness were reliable sources of mesophyll protoplasts, which were very susceptible to infection with tobacco rattle virus. Increasing the photoperiod or the light intensity decreased susceptibility to infection, and increasing or decreasing the photoperiod increased the fragility of the protoplasts. Ease of infection with raspberry ringspot virus seemed to parallel that with tobacco rattle virus. The optimum defined environment gave protoplasts that were at least as suitable for infection experiments as the best from glasshouse grown plants.
Following the development in Japan of a technique of infecting tobacco mesophyll protoplasts with a plant virus (Takebe & Otsuki, I969), the method has been used in many other laboratories, but in few with equal success. In our work with tobacco rattle virus (CAM strain, cryptogram R/1:2.4/5 + o.7/5 :E/E:S[*, tobravirus group), and protoplasts from tobacco plants cv. Xanthi grown in a heated glasshouse in daylight, IO to 4o % of protoplasts became infected in experiments made in the spring. Despite the increase to 95 % obtained in midsummer by substituting phosphate for citrate buffer in the virus inoculum (Kubo, Harrison & Robinson, I974), the protoplasts became less readily infected, and more fragile, as autumn passed into winter. In an attempt to reverse this trend we increased the temperature and supplemented the light in the glasshouse, and then compared plants grown in these conditions with others grown in various controlled environments, as sources of easily infected protoplasts.
In the tests described below, tobacco plants were first grown in the glasshouse at ~5 to 2o °C for 35 days. They were then kept either (I) in a glasshouse cubicle at I8 to 26 °C, illuminated by daylight which was supplemented after October by light of 32o0 lux intensity (measured at the height of the leaves used) provided by tungsten filament lamps (Philips MBTL) switched on from 6 a.m. to 8 p.m. or (z) in controlled environment cabinets. These cabinets were programmed to give a daily period of light at 25 °C followed by a period of darkness at 2o °C. Lighting was by fluorescent tubes (Philips Warm White) together with tungsten filament lamps (Osram Ioo W), and the cabinets were supplied with circulated air of 5o to 7o % relative humidity.
Protoplasts, very largely from palisade cells, were prepared from the ninth or tenth true leaf, usually at 56 to 6r days after sowing; they were inoculated by the indirect method, and, unless otherwise stated, were sampled after incubation for about 48 h at 22 °C in continuous light of 3ooo lux (Kubo et al. I975) . The percentage of protoplasts infected was estimated by staining with fluorescein-conjugated antibody to virus particles, and infectivity was assayed using Chenopodium amaranticolor plants (Kubo et al. I975) .
The results of a series of comparative tests using tobacco rattle virus and protoplasts prepared from plants grown in the glasshouse or in the controlled environment cabinets are summarized in Table I . Plants grown in cabinets lit for I6 h at 2I 600 lux yielded fewer, less readily infected protoplasts than plants from the glasshouse (Expt. I). When the photoperiod was decreased to 12 h, plants exposed to light of 10800 lux gave protoplasts that were considerably more readily infected than those from plants exposed to 2I 600 lux, and slightly more readily infected than protoplasts from glasshouse plants (Expt. 2). More protoplasts from plants grown in 12 h light of IO 800 lux were infected than from plants given a 15 h photoperiod (Expt. 3), and the 15 h protoplasts were also more easily broken and so had a greater tendency to be lost during manipulations. Finally, protoplasts from plants grown in IO to 12 h light of 108o0 lux were slightly superior to those from glasshouse plants (Expt. 4 and 5), the 12 b photoperiod giving protoplasts that were a little less easily damaged than the IO h photoperiod. Tile yield of infective virus per infected protoplast was similar for the different batches of protoplasts in Expt. 4. We conclude that leaves of plants grown for 12 h at 25 °C in light of IO 800 lux, alternating with 12 h at 20 °C in darkness, are reliable sources of about 4 x lO 6 palisade protoplasts that can readily be infected with tobacco rattle virus.
To find whether such plants are good sources of protoplasts for infection by a virus of a very different sort, samples of the protoplasts used in Expt. 4 and 5 (Table I) leaf, indicating that raspberry ringspot virus can indeed multiply in tobacco mesophyll protoplasts. In Expt. 4, the yield of infective raspberry ringspot virus was possibly a little greater from the protoplasts obtained from cabinet-grown than from glasshouse-grown plants. In Expt. 5, the yields from the two batches of cabinet-derived protoplasts were again similar, and were unaffected by a tenfold dilution of the inoculum, suggesting that in this experiment the protoplasts were readily infected by o'4/~g virus/ml ( Table 2 ). The sharp decrease in lesion number with increasing dilution of the protoplast extracts occurs commonly with inocula containing raspberry ringspot virus (Harrison, I958 ) . The trends found in both experiments thus seem to parallel those obtained with tobacco rattle virus (Table I) .
Our work, therefore, has resulted in the definition of an environment in which to culture tobacco plants that are consistent sources of protoplasts readily infectible by tobacco rattle virus. Whether they are equally suitable for work with a range of other plant viruses must be determined, but the indications from our tests with raspberry ringspot virus are favourable. Knowledge of this defined environment should be useful to those starting work with tobacco protoplasts or who have had variable results in infection experiments.
